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SIR: 

Now comes Joerg ROCKENBERGER, who declares and states that 
1 . I am a Chemist, currently employed by Kovio, Inc., as Manager of the Materials 
Development group. I have heen continuously employed by Kovio, Inc. since 2001. Prior to 
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2001, t was employed by tbe University of California, Berkeley, as a Research Associate, where 
my duties included research and development work in the area of nanoparticle synthesis and 
characterization. 

2. I received a Diploma in Chemistry from Technical University Karlsruhe, 
Germany, in 1995, and a PhD. in Physical Chemistry from University of Hamburg, Germany, in 
1998. 

3. I have read the above-identified application and am familiar with the subject 
matter disclosed and claimed therein. I have read U.S. Pat No. 6,921,623, to Hanabata et ah 
(hereinafter 'Hanabata et ah 77 ). I am also familiar with nanoparticles, techniques for making and 
using tbe same, ligands far nanoparticles (including those having a photoreactive group or a 
group that is reactive with a photochemically generated species), techniques for forming 
conductive and semi conductive films from nanoparticles, radiation-based patterning techniques, 
and materials for semiconductor and/or electronic devices. 

4. I understand that the independent claim of the above-identified application is 
directed to a radiation patentable functional material, comprising: 

a) nanoparticles of an electronically functional substance selected from the 
group consisting of semiconductors and metals; and 

b) a plurality of ligands bound to each of said nanoparticles, said ligands 
containing a photoreactivc group or a group that is reactive with a photochemically 
generated species and that, after first-order photorcaction or reacting with said 
photochemically generated species, materially changes the solubility characteristics of 
said material in a developer, 

wherein, after irradiation, developing and curing, the functional material forms a patterned film 
of an electronically conducting or semiconducting material. 

5. Hanabata et aL neither discloses nor suggests a radiation pattomable functional 
material That forms a patterned film of an electronically conducting or semiconducting material 
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6. Furthermore, Hanabata et aL do not enable one to make a radiation pntternablc 
functional material comprising nanoparticlcs of an electronically functional substance selected 
from the group consisting of semiconductors and metals, 

7. Hauabata et aL discloses a photosensitive resin composition comprising an active 
component selected fiom an active metal alkoxide represented by the formula (1) or a 
polycondensatc thereof and a particle represented by the formula (2): 

p-{O0,— {(u^-(u 3 -r),}l: (2) 

wherein X is a hydrogen, a halogen, an aDccxy group or an alkoxycarbonyl group, M is a metal 
atom whose valence m is not less than 2, U| is .a first connecting unit, U2 is a second connecting 
unit and Z is a group causing a difference in solubility by light exposure, P is a fine particle 
carrier, Y is a coupling residue* n is an integer of not less than 1, m>n,pisOorl 9 tisl or 2, k 
is an integer of not less than 1, and s is 0 or 1 (Abstract, 1L 1-16), 

8. The composition of Hanabata et aL is intended as a high-resolution photoresist 
material, not as an electronically conducting or semiconducting material 

9. For example, at col. 3, 11. 13-32, Hanabata et aL disclose that the combination of 
an active component and a photosensitive resin composition can form a high resolution pattern 
with high sensitivity when a functional group is introduced into the active component Hanabata 
ct aL further teach that a fine or finely divided panicle (an active particle) can become 
hydrophilic by eliminating a hydrophobic leaving group upon light exposure, and the active 
component can be a specific metal alkoxide (an active metal alkoxide) or the polycondensatc 
thereof (an active particle fanned by polycondensation): Thus, according to Hanabata et aL, 
light exposure can cause a difference in solubility, and the combination of the metal alkoxide or 
a polycondensatc thereof, and a photosensitive resin composition, may form a high(er) resolution 
pattern with higher sensitivity because of a reduction of impurity incorporation. This disclosure 
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of Hanabata et at strongly suggests application of the composition disclosed therein as a 
photoresist 

10. The invention of Hanabata et al. includes a photosensitive resin composition 
which comprises a base resin, a photo sensitizer and the active component (col. 5, 1L 45-48). To 
form a pattern, the photosensitive composition may be applied or coated onto a substrain, the 
coating layer may be exposed to light, the light-exposed layer may be heat-treated* and the heat- 
treated layer maybe developed (col. 5, It 54-58 of Hanabata et al.). 

11. The active component (or ingredient) in the invention of Hanabata et at is used 
(or usable) in combination with a pbotosensitizer which constitutes a photosensitive resin 
composition, and has a unit for causing a difference in solubility owing to at least light exposure 
(coL 6, It 27*31). The active component comprises at least one member selected from the group 
consisting of the active metal alkoxidc represented by the formula (1) above or the 
polycondensate thereof* and the particle repre sented by the formula (2) above (cot 6, It 31-35 of 
Hanabata et at). 

• 1Z Although many possible metals are contemplated, Hanabata et al. teach that the 
metal atom M may be aluminum* titanium, zirconium or silicon, and is usually silicon (cot 4, 11, 
33-34; emphasis added). This list of metals for metal atom M is consistent with the teachings of 
Hanabata ct al. relating to the prior photoresist approaches) discussed at cot 1, It 21-47 and cot 
2, It 5-7. Thus, the photosensitive composition Hanabata et at forms a patentable resist 
material, rather than a patterned electronically conducting or semiconducting material 

13. Therefore, Hanabata et al. does not disclose a radiation pattemable functional 
material comprising nanopartides of an electronically functional substance selected from the 
group consisting of semiconductors and metals, having ligands bound thereto that can change the 
solubility characteristics of the material in a developer and that forms a patterned film of an 
electronically conducting or semiconducting material (see the description of the present 
invention in paragraph 4 above). 
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14. Furthermore, when their composition, contains a particle or polycoudensale, 
Hanabata et aL do not enable one to make a pattornable material comprising semiconductor 
and/or metal uanoparticles having Iigands bound thereto that can change the solubility 
characteristics of the material in a developer and that, after irradiation, developing and curing, 
can form a patterned film of an electronically conducting or semiconducting material. 

15. Regarding the polycondensate, the polycondensate of Hanabata et aL may be a 
polycondensate of the active metal alkoxide represented by the formula (1) alone (singly) or a 
polycondensate (copolycondcnsate) of the active metal alkoxide represented by the formula (1) 
and a metal alkoxide represented by the fallowing formula (5): 

« 

wherein R 5 represents a hydrogen atom or an alkyl group, and X, M, m and n have the same 
meanings as described in paragraph 7 above (col. 4, 1. 65-coL 5, L S of Hanabata et aL), although 
it is not clear how the compound of formula (5) can be a metal alkoxide when X is hydrogen, a 
halogen, or an alkoxy car bo n yl group. In one embodiment, the polycondensate of Hanabata et aL 
is an active particle formed by polycondensation (coL 3, 1L 23-25). 

16. Consistent with the disclosure described in paragraph IS above, Hanabata ct &L 
teach that an active component (especially an active particle) may comprise a polycondensate of 
the above-mentioned active metal alkoxide. Such an active component may be an active particle 
in the form of a particulate (particulate matter), or a liquid or solid oligomer* The active 
component [or, presumably] the polycondensate of the active component can be obtained by 
polycondcnsing the active metal alkoxide by a conventional sol-gel method to form of a polymer 
orasol(coL 14, 1L 44^53), 

17. As is known in the art, polycondensation (or polymerization) of metal alkoxides 
by the sol-gel method leads to formation of metal oxides, and not the corresponding metal. 
Therefore, any material, compound or composition based on the polycondensate of Hanabata et 
aL does not and cannot form a patterned "film of an electronically conducting or semiconducting 
material after irradiation, developing and curing. 
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1 8. Regarding the particles, Hanabata et a], tdach that the particle P (sea formula (2) 
in paragraph 7 above) may be an organic fine particle carrier or an inorganic fine particle carrier 

sflxcasol; scc^ ag^ col. 3, 1L 51-56; coL 5, 11. 17-19; and coL 17, L 51-coL 18, L 14). 
However, the organic fine particle carriers listed by Hanabata ct aL at col. 17, 1L 51-61 (styrcnic 
resins, [meth] acrylic resins, a silicone resin, thermosetting resins such as polyamidc resins, a 
crosslinked melaminc resin and a crosslinkcd guanamine resin) do not and cannot form a 
patterned film of an electronically conducting or semiconducting material after irradiation, 
developing and curing* 

19. In the passage at col. 18, 1L 1-14, Hanabata et aL disclose a number of inorganic 
fine particle carriers, including a metal alone (simple or single metal; e.g., gold, silver, copper, 
platinum, aluminum), an inorganic oxide (eg., silica [e.g., silica sol such as colloidal silica, 
aerogels, glass], alumina, titania, zsreonia, zinc oxide, copper oxide, lead oxide, yttrium oxide, 
tin oxide, indium oxide, magnesium oxide), an inorganic carbonate (e»g^ calcium carbonate and 
magnesium carbonate), an inorganic sulfate (eg,, barium sulfate and calcium sulfate), a 
phosphate (e.g», calcium phosphate and magnesium phosphate), and the like, which include sols 
and gels prepared by, for example, a sol-gel method, and which can be used either singly or in 
combination. Thus, out of the five generic inorganic fine particle carrier types (not including the 
sols and gels), all but one are clearly expected to form an electrical insulator after 
fimctionalizarion (Lc, formation of tho compound of formula (2) from the particle), irradiation, 
developing and curing. 

20. In the one remaining example of a particle (a metal alone), Hanabata et al. do not 
enable one to form a patterned film of an electronically conducting or semiconducting material 
after irradiation* developing and curing of a composition including a compound having a metal 
particle. This is because Hanabata et aL discloses and enables formation of an insulator film or a 
somewhat random distribution of particles (which may or may not have properties of a metal) 
embedded in an insulator matrix, rather than a patterned film of an electronically conducting or 
semiconducting material 
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21. For example, to form the particles of formula (2) above, Hanabata et aL enable 
use of only particles (be they organic or inorganic) having hydroxide (or a combination of 
hydroxide and oxide) groups on the surface for linking to a coupling agent residue Y. Hanabata 
et aL ti»a^h that a hydiopbilic group is introduced into an inorganic fine particle through both a 
coupling agent and a connecting unit (coL 16, 1L 63-65). Each component may be bonded by 
reacting a connecting unit U having two hydroxyl groups with a coupling agent Y having an 
isocyanatc group (e.g., a silano coupling agent) to form a compound having a free bydroxyl 
group and a coupling group (an alkoxy group or a halogen atom), wherein the coupling agent is 
banded to one of hydroxy I groups of the unit; protecting the free hydroxyi group by a protective 
group such as t-BOC group; and then reacting an inorganic fine particle carrier (eg., sflicasol, 
eta) with the coupling group (the alkoxy group or the halogen atom; see eol 16, L 65-coL 17, L 
9). Other processes may be employed, but they also appear to bind the hydrophilic group- 
containing compound with the particle via the alkoxy group or halogen atom site in the coupling 
agent (seo, e.g., col. 17. 1L 10-30 of Hanabata ct aL)* Thus, Hanabata et aL teach that an alkoxy 
group or halogen atom in the coupling agent is required for introducing the hydrophilic group 
(Le,, the group giving the composition its photosensitive properties; sec, eg*, coL 3 9 L 66-coL 4, 
L 17) into a fine particle (be it an inorganic particle or another type of particle). 

22. Specifically with regard to the inorganic particle, Hanabata et aL disclose 
examples of coupling agents (corresponding to a residue Y in formula (2) above) including an 
organic metal compound containing an alkaline earth metal, a transition metal, a rare earth metal, 
or a metal element of the Groups 3 to 5 and 13 to 15 of the Periodic Table of Elements, 
especially a metal dement of the Groups 4, 13 and 14 of the Periodic Tabic of Elements, for 
example, aluminum, titanium, ziroonium, and silicon. Among the organic metal compounds, a 
titanium coupling agent and a silane coupling agent (especially the silane coupling agent) are 
preferred (coL 18, L 41-51). 

23. The silane coupling agent includes the coupling agents represented by the formula 

(4): 
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(R^SiCD)^ (4) 

24. The reactive group D corresponding to the fine particle carrier of the coupling 
agent (4) is usually a halogen atom (bromiae atom, chlorine atom, etc.). or a hydzolytic 
condensable group such as an alkoxy group (o.g^ a Cm alkoxy group such as mcthoxy group and 
othoxy group; see col. IS, 1L 52-59 of Hanabata et aL). As is laiown in the ait, many metal 
halides such as T1CI4 and SiCU axe reactive towards oxygen-containing compounds (see, cg^ 
Cotton ct aL, "Advanced Inorganic Chemistry,' 1 John Wiley & Sons* New Yoric (1999), pp. 271- 
272, 283-285, 472-474, and 558-559, attached hereto), and the hydrolytic condensable groups of 
Hanabata ct aL result in the formation of metal-oxygen-silicon bonds, typically from a hydroxy 
group on the metaL Thus, the silane coupling agents disclosed by Hanabata et aL are known to 
be reactive with the oxygen-containing species, such as oxo or hydroxy groups (which are bound 
directly to a metal; ic, metal oxides and/or hydroxides). 

25. On the other hand, the silane coupling agents disclosed by Hanabata et aL are not 
expected to react with metal or semiconductor particles not having oxygen-containing species on 
the surface (at least not in any manner that would result in formation of a compound of the 
formula (2) as described in paragraph 7 above), 

26. For example; of the five (5) metals disclosed by Hanabata et aL at coL 18, 1L 1-3, 
three (3) are generally considered not to form significant amounts of oxide on corresponding 
particle surfaces (La. gold, silver and platinum). Based on the disclosures discussed in this 
Declaration, Hanabata ct aL do not enable coupling of a coupling agent to metal particles that do 
not form oxide surfaces. Instead, and as an example of why such a coupling reaction as taught 
by Hanabata et aL would fail, an attempt to couple the silane coupling agent to such metal 
particles under state of flic art coupling conditions would be likely to crosslink the silane 
coupling agent, raihcr than couple it to the metal nanoparticla Thus, if the •'metal alone" particle 
of Hanabata et aL is capable of coupling Wth the silane coupling agent in the manner disclosed 
therein, the "metal alone" particle of Hanabata et aL must be one that contains a sufficiently large 
number of hydroxide and/or oxide groups on its surface to enable the coupling reaction to occur 
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to an extent enabling isolation of the coupling reaction product However, the silane cross- 
linking reaction consumes twice as much coupling agent as the coupling reaction, and is 
reasonably expected to have a fester reaction rate than the coupling reaction, so one would not 
expect a reaction between particles of gold, silver or platinum alone and the silane coupling 
agent of formula (4) above to result in an amount of coupling reaction product that can be 
reasonably isolated. As a result, and consistent with the remainder of their disclosure, Haaab&ta 
et aL docs not enable formation of particles of the formula (2), where P is a particle of gold, 
silver or platinum alone. 

27. The remaining metals disclosed by Hanabata ct aL at coL 1 8, 1L 1-3 (copper and 
aliiminum) readily form oxide surfaces (eg., on exposure to air, oxygen or other oxygen, 
containing oxidant such as hydrogen peroxide). As a result, copper or aluminum metal particles 
as disclosed by Hanabata et aL would be expected to have a sufficiently large number of oxide 
and/or hydroxide groups on their surfaces to couple to the silane coupling agent in the manner 
disclosed and taught by Hanabata et aL and provide an amount of coupling reaction product that 
can be reasonably isolated. Such a large number of oxide and/or hydroxide groups on the 
surfece of a copper or aluminum particle would effectively prevent formation of patterned film 
of an clectttmicaUy conducting or semiconducting material, after irradiation, developing and 
curing, particularly after fenctional«ation with the coupling agents, U x /U 2 connecting units and 
tight-^msitivcZ functional groups (see Jbnnula (2) above and the discussion of cross-linking vs. 
coupling reactions in paragraph 27 above). 

28. Once fictionalized in the manner taught by Hanabata et al., the composition of 
Hanabata et al. forms an insulator film or a distribution of particles embedded in an insulator 
matrix, rather than a patterned film of an electronically conducting or semiconducting material. 
For example, the active (or photoactive) component of Hanabata ct aL (ue., the active metal 
afeoxide, itspolycondensate, and/or an active particle represented by the formulas (1) and <2)) is 
advantageously used (usable) in combination Kith a photosensitive resin composition (coL 20. 
IL 60-67; emphasis added). The photosensitive resin (or resist) composition of Hanabata et aL 
may comprise a photosensitizcr and the above-mentioned active component, but usually it 
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comprises a base resin (an oligomer or a polymer), a photosensitizcr and the above-mentioned 
active component (col. 21. 1L 50-55). Of the resins listed from col. 21, 1. 56 through col 25, L 
43, none are fcaeram to result in formation of a patterned film of an electronically conducting or 
semiconducting material. Instead, these resins are generally known to form an insulator film (or 
in the case where particles are present, a distribution of particles embedded in an insulator 
matrix) after irradiation, developing and coring. 

29. For example, Hanabata ct al. teach that the amount of the active component in 
their photosensitive resin composition can be from about 0.01 to 1000 parts by weight, on a solid 
matter basis, relative to 100 parts by weight of the base resin. The amount of active component 
is usually from about 5 to 1000 parts by weight, preferably about 10 to 500 parts by weight and 
more preferably about 10 to 300 parts by weight, especially about 10 to 100 parts by weight, 
relative to JQO parts by weight of the base resin on a solid matter basis. (CoL 27, 1L 14-23 of 
Hanabata et al) As a result, when the photosensitive resin composition of Hanabata ct aJL former 
includes a base resin, the photosensitive resin composition of Hanabata et al. forms an insulator 
film or Cn the case where particles are present) a distribution of particles embedded in an 
msulatormatrix, aficr irradiation, developing and curing. 

30. The photosensitive resin composition of Hanabata ct aL can be prepared in 
accordance whh a conventional method, for example, by mixing a photosensitive resin [a base 
resin and a photosensitizer] and an active component The photosensitive resin composition 
usually contains a solvent (e.g., the solvents exemplified m the section of the active metal 
alkoxide). (Col. 27, 1L 33^5 of Hanabata et al.) 

31. The photosensitive layer of Hanabata et al. can be formed by applying (spreading 
or coating) the above-described photosensitive ream composition to a substrate (a base material; 
see C oL 27, 1L 47-49 of Hanabata et aL), and patterns can be carried out by a conventional 
lithography technique fre, a combination of exposure, development and etching; see col. 28, 11. 
52-54 of Hanabata et al.). Hanabata et aL also teach that their coated film may be subjected to 
heat- or cure-hxalment at a suitable temperature in an appropriate step from application of the 
photosensitive resin composition to development If necessary, for example, after development, 
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the coated film of Hanabata et al may be subjected to heat-treatment (col. 29, 11. 61-67 of 
Hanabata ct al.), but no particular temperature, temperature range or temperature effective to 
provide a desired result is disclosed. Thus, when the photosensitive resin composition of 
Hanabata et aL includes a base resin, it is expected to form an insulator film or (in the case where 
particles are present) a distribution of particles embedded hi an insulator matrix, after irradiation, 
developing and curing. 

32. However, even if the active component (Le., compound[s] of the formulas (1) and 
(2) above) is used without a base resin as the photosensitive resin composition (although 
Hanabata ct aL does not disclose any 'examples of such a composition), those particles P 
disclosed by Hanabata ct al, that are capable of coupling to the coupling agent in a manner 
enabling reasonable isolation of a compound of the formula (2) would bo expected to form a 
distribution of particles embedded in an insulator matrix, after irradiation, developing and curing 
The particles of formula (2) capable of being made in an amount that can be reasonably isolated 
would not be capable of forming a patterned film of an electronically conducting or 
semiconducting material after irradiation, developing and curing. 

33. Consequently, an of the particles (organic, inorganic or metal) disclosed by 
Hanabata et aL form oxides or other electrical insulators after functionalfeation with the coupling 
agent, irradiation, developing and curing. Hanabata ct aL disclose no reaction, technique or 
special set of conditions under which their sflane coupling agents) are capable of farming a 
particle having photosensitive ligands bound thereto that is capable of forms a patterned film of 
an electronically conducting or semiconducting material after irradiation, developing and curing. 

34. As an alternative to the silanc coupling agent, the organic metal compounds of 
Hanabata et aL containing, as the metal M, aluminum, titanium or zirconium, may be 
exemplified by the organic metal compounds corresponding to the stlane coupling agents (coL 
19, a 3-7). Thus, the possibility of metals other man silicon in the coupling agent of Hanabata et 
aL docs not enable formation of a radiation pattcmable functional material comprising 
nanoparticles of an electronically functional substance selected from the group consisting of 
semiconductors and metals, and a plurality of ligands bound to each of the nanoparttclcs, mat 
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fonns a patterned film of an electronically conducting or senrieonducting material after 
irradiation, developing and curing. , 

35. Therefore, Hanabata et at does not enable one skilled in the art to make a 
radiation patternablc Junctional material comprising nanoparu'clea of an electronically functional 
substance selected Scorn the group consisting of semiconductors and metals, having ligauds 
bound thereto that can change the solubility characteristics of the material in a developer and that 
forms a patterned film of an electronically conducting or semiconducting material (see the 
description of the invention, in paragraph 4 above). 

36. Furthermore, Hanabata et at further teach the importance of a transparent particle. 
For example, when the mean particle size of the active particle is smaller than an exposing 
wavelength, because the active particle is substantially transparent to the exposing wavelength, 
light exposure can be conducted to the depth of the photosensitive layer even if the layer is 
thickened (coL 15,11.56-60). As a result, sensitivity and resolution can be improved as much as 
a pattern with high sensitivity and high resolution can be formed in regard to a light source of 
shorter wavelength (col. 15, U. 6<W53). These disclosures by Hanabata et aL further emphasize 
the application of the compounds of formulas (1). and (2) above to photolimography and 
photoresist compositions. 

37. The use of UV-absorbent metal nanoparticles may be detrimental to the suggested 
advantages of the invention of Hanabata et al. While it is generally understood in the art that 
nanoparticles having a size less than 100 nrn do not scatter light (assuming they are not 
agglomerated in larger secondary particles), many metal nanoparticles (in particular gold, silver, 
and copper) have one or more strong characteristic UV absorptions. These absorptions would be' 
expected to reduce the sensitivity of the resist ofHanabata et aL, and limit its usefulness for high 


3 8. Further, Declarant sayeth not 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief arc believed to be true; and further that these 
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statements were made with the knowledge that willful false statements and the tike so made are 
punishable by fine or imprisonment, or both, uodcr Section 1001 of Title 18 of the United Stales 
Code and that such willful false statements may jeopardize the validity of the above-identified 
application or any patent issued thereon or therefrom. 

CEJ2U 

ERGER Date 
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8-6 He lid w 271 

Fluorides 

These are obtained by fluorination of the other halidcs or by direct interaction; 
GcF< is best made by heating BaGeF*. Tctrafluoridcs of Si and Gc arc hydrolyzed 
by un excess of water to the hydrous oxides; the main product from SiF* and HjO 
in the gas phase is F 3 SiOSIFj_ In an excess of aqueous HF, the hcxaJluoro anions 
(MFJ") arc formed These anions are also found with certain trivalcnt cations, e.g., 
SmSnF 7 and TtPbF^ 51 Similarly, a solid state reaction of tin metal and (NH,)HF 2 
gives: 

In these EF)" species the stiochiometry might be misleading in regard to their 
structure because they all contain [SnFa] 3 ' octabedra and F" anions surrounded 
by the corresponding cations* 32 Germanium tetrafluoride can be reduced to give 
hygroscopic mixed-valent species such as Gc^ and GetF, fl , M Tin tetrafluoride is 
polymeric, with Sn octahedrally coordinated by four bridging and two nonbridging 
F atoms. Non-stoichiometric lead tetrafluoride is made by the action of F a on PbF a , 
but the pure material can be prepared by high-pressure fluorination of "PbF*,"; it 
Is isostructural with SnR.* 

Silicon Hdlides 

Silicon tctmdtloridc is made by chlorination of Si at red beau Hcxachlorodisilanc 
(SijCU) can be obtained by interaction of SiCU and Si at high temperatures or, 
along with SIQ, and higher chlorides, by chlorination of a silicide such as that of 
calcium. The higher members, which have highly branched structures, can also be 
obtained by amme-catalysed reactions such as 

5S^Cl 6 Si„a |4 + 4SICL, 

3SJ 5 C1» Si 3 Ciu + 2Sl;A$ 

and by photolysis of SiHO> The products are separated by fractional distillation. 
All the chlorides arc immediately and completely hydrolyzed by water, but 
careful hydrolysis of SiCU give* CJjSiOSiCfc and (Cl>$iO):Siai. 

Hexachlorodisilnne is a useful reducingagent for compounds with oxygen bound 
to S, N, or P; under mild conditions, at 25*0 in CHCj chlorooxosUanes are produced. 
It is particularly useful for converting optically active phosphine oxides R'BStfPO 
into the corresponding phosphine. Since the reduction is accompanied by configure- 
tional inversion, the intermediacy of a highly nuclcophilic SiQ; ion (c/. FQJ has 

^0, Groudcjus and B. 0* Mttller, Z erwr& a/fe Ckaru W96> 622, 1601* 
*G Plltzko and G. Meyer, Z tmotg. atfo Cltem. 1597, 623. 1347. 
"J, Kohlcr and J..H. Chang, Z> <worg. allg. Otam. 1997* 623, 596, 
*M. Bork and R, Hpppc, Z fMcwg. Chtm* 1996, 622, 1557. 
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272 diopter 8AH* GROUP 14 YEMENIS: 5?, Go, Sn, Mi 
been proposed: 

/ 

v 


-»^P+ci 3 stosia, 


•;P*SlCb 


/ 


The postulatioo of Sidf can also accommodate the equally useful, dean, selective 
reductions by trichlorosilanc (bp 33"C) and also the formation of C-C and Si-C 
bonds by reaction of SiHCIj with Ca, RX, RCOQ, and oiher halogen compounds 
in the presence of amines. In these cases the hypothetical Sidf could be generated 
by the reaction 


followed by 


sicv + ci 3 c— ca j — sicu + a- + a,c— ca, 
siq,'+rx — nr+xstcy — rsici 3 +x> 

i rhcrc ji , ?. I i!! ccdcnt for ^ P osta, at'on of tne SiCt, ion, since trisubstituted organosi- 
lanes (RjSIH). react with bases to give silyl ions (R^Si"). 

, Ji li ~ n tetTabromid ^ can be prepared by a multi-step procedure by reaction 
of QH,SiCI, with U/VIH, then Br a and finally HBr according UK 

4C rt H 3 Sia 4 + 3UAlH 4 «- K?5ro - 4C ft H 3 S1Hj + 3AlCI 3 +3Ua 

It can also be prepared from the elements. The fuming liquid is decomposed by 
water into mlidc add and HBr with great evolution of beat; it ream violently 
with potassium. 7 

Chloride Oxides 

A variety of chtorooxosilanes, both linear and cyclic, is known. Thus controDed 
hydrolysis of SiO, with moist ether, or interaction or CU and O, on hot silicon 
gives a 3 SIO(SiOaj„Sia^ where n - 1 to 4. 

*tf,.G. Horn aad D. Kucckowtuk, Z. anorfr Chtn% <S22, 1083, 
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MO AUcoxklm, Carboxytotof, and Oxo Sol* 283 

The three germanium atoms form an equilateral triangle similar to that of the 
carbon analogue, the cyclopropenium ion;*" the cation has Ge— Ge bonds (Section 
8-12), 

Neutral Species 60 

These are numerous and quite varied in type. Some are 4-coorcUnate such as SnX, 
and X3nCNRa)<-H* but the majority are ^coordinate, examples being rra/w-SnOj 
(0-dike) 2 , SnarfSaCNEla),, Sn[(OC a H 4 ) 3 N(C a H i OH)] a » and porph SnX:. 70 Both 
lower and higher coordination numbers also occur, examples being five m PhSj(o 
QHiOO* and presumably seven or eight in Sn(SjCNElj)« 

Adducfe 

The tetrahalides are prone to add neutral ligands to form adducta that are usually 
6<oordinate. Typical examples are rmiu^SiEifpyh, d*-SiF<Cbipy) T SiCUL* (L = py, 
PMcj), and numerous ciy-SnXCL— L) and cis or traits-SnXJ^ compounds. 
The Lewis acid order is SnCU > SnBr< > Snl«. 


fig the 
] + and 


tted in 


8-10 Alkoxides, Carboxylates, and Oxo Salts 

All four elements form alkoxides, but those of silicon, for example, SiCOCjH,)*, 
often called silicate enters, are the most important; the surface of glass or silica can 
also be alkoxylnted. They can be used in the synthesis of ceramic materials." 
Alkoxides arc normally obtained by the standard method: 

MO* +4R0H + 4 amine — - MCCTOa * 4 arofocHCi 

Silicon alkoxides are rapidly hydrolyzed by water, eventually to hydrous silica, but 
polymeric hydroxo alkoxo intermediates occur, Organo alkoxides such as the sllyt 
enter (MeO) 3 SiMe and its derivatives are widely known- 72 _ . 

Of the carhoxytates, lead tetraacetate is the most important because it is used 
in organic chemistry as a strong but selective oxidising agent* It is made ;by 
dissolving PbA «* hot glacial acetic add or by electrolytic oxidation of Pb» m 
acetic acid In oxidations the attacking species is generally considered to be 
Pb(0 3 CMc)?, which is isoelectronic with the similar oxidant TlCOaCMe^ but this 
is not always so. and some oxidations are known to be free radical in nature. The 
trifluoroacetateisa white solid, which will oxidize even heptane to give the CFjCOaR 
species, from which the alcohol ROH is obtained by hydrolysis; benzene similarly 
gives phenoL 

The tetraacetates of Si, Go. Sn, and Pb also form complex anions such as 
tPb(0 3 CMe)J a - or [Sn(Q»CMe)J-. For M(O s CMe) 4r Si and Ge are 4<oordinate 

*A. Sdriguchi et al. Science 1P97,£75, 60 

*G Y. Wong and J* D. WooUins. Coord. Cfom Ret). 175. 

"Sec for example; H. Schmldbmsr tt aL. Oxeiru DerJReeueltVMi W. 1159; 11G7- 

»D> ?. Arnold and J, P, Hartley, I*or& Chan. 1994, 33> I486, 

*T J* Boyle and JL W, Schwartz Comments Inorg. Gttm. Jo, 243* 

"J.'g. Vctkude et al, lnor$. Ctem. 29, 1065. 

L. Holton and H. Sbcchicr* /. Org* Chem. 1995, 60, 4725, 
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284 chapter GROUP 14 ELEMENTS: SI, Go, Sn, Pb 

with unidentatc acetate; Pb has only bidentate acetates, whereas the smaller Sn 
has a very distorted dodecahedron. 

Tiu(IV) sulfate, $n(SO<) 5 *2H A can be crystallized from solutions obtained by 
oxidation of Su* sulfate; it is extensively hydrolyzed in water. 

*ISn(jV) nitrate" ts obtained as a colorless volatile solid by interaction of N a O> 
and SnCt*; it contains biden tate NO? groups giving dodecahedral coordination. The 
compound reacts with organic matter. 


8-1 1 Organo Compounds 

The general formula is R^EX^n = 0 to 3), where R is alkyl or aryl and X is any 
of a wide variety of atoms or groups (H, halogen* OR\ NRJ f SR\ Mn(CO) 3 , etc). 
The elements may also form part of heterocyclic rings or cagest* 4 for example 
(RiECOj or the sitecsquiosanes [RSiO.^], 75 such as RiSiaOnt (8-IX)* 


ft 
\ 

si- 


-Si 


/ 


o / 6 


Si* 


/ 


(8-iX) 

For a given class of compounds, members with C— Si and C— Ge bonds have 
higher thermal stability and lower reactivity than those with bonds to Sn and Pb. 
In catenated compounds similarly. Si— Si and Ge t --Ge bonds are more stable and 
less reactive than Sn— Sn and Pb— Pb bonds: for example, SljMc* is very stable, 
but Pb:Mea blackens in air and decomposes rapidly in CO* although it is fairly 
Stable in benzene. 

The bonds to carbon are usually made via interaction of lithium, mercury, or 
aluminum alkyls or RMgX and the Group 14 balidc. but there are many special 
synthetic methods, some of which are noted later, 

Silicon and Germanium 

The organo compounds of Si and Ce are very similar in their properties. We discuss 
only Si compounds, 

*See for qcmplc: P» C. Harrison,/. OrpincnuttaL Oiem. UW^Z 141 (a review on silicate 
cages, 221 references). 

W F« J. Febcr tt qL> Charu Commuiu W97, 1185. 
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8-11 Orgono Compounds 285 

Silicon-carbon bond dissociation energies arc leas than those of C— C bonds 
but are still quite high, in the region 250 to 335 W mol"** The tctraalkyls and -aryls 
are hence thermally quite stable; Si(QH 3 )«, for example, boils unchanged at 530*0 

The chemical reactivity of Si— C bonds is generally greater than that of C— C 
bonds because (a) the greater polarity of the bond Si*— C*~ allows easier nudeo- 
phitfc attack on Si and electrophilic attack on C than for C— C compounds, and 
(b) displacement reactions at silicon are facilitated by its ability to expand the 
coordination number above 4 by utilization of d orbitals. 

The reactions of Si compounds have no mechanism analogous to Sjyl reactions 
at carbon and are generally complicated. Substitution reactions at 4-coordinate 
silicon characteristically proceed pia an associative mechanism involving 5-cDordl- 
nate transition states. Retention or inversion of stereochemistry may occur de- 
pending on the nature of the entering or leaving groups, namely, 



A 


R *...--SI y 

R 1 


With the same leaving group, both retention and inversion can be observed; 
hard nucleopbilcs tend to attack equatorially to give retention, soft ones apically 
leading to inversion. Mechanisms depend crucially on the solvent used. If this has 
donor ability like DMF or DMSO U may attack first to form the 5-coordinate 
species and is then displaced by an incoming nucleophile. 

A characteristic feature of organosillcon (and -germanium) chemistry, setting 
it strikingly apart from carbon chemistry, is the great ease with which RjSi (and 
RaGc) groups migrate; a factor of up to tO a as compared to analogous carbon 
compounds is lypicaL Among the best studied migration reactions are anionic 1,2- 
shifts, represented generally by the equation: 


\ ./ 


_V / 

4 " X Y 


SlR 3 


Where X— Y may be N— N, O— N, or S- C As indicated, a transition stale involving 
5-coordinate Si is postulated: since carbon has no valence shell d orbitals, it cannot 
form such a transition state easily, and such 1,2-shifts are "forbidden** in the Wood- 
ward-Hoffmann sense. 

Radicals are less important in silicon than in carbon chemistry. However, silicon 
radicals have been detected in solution by esr and have been isolated in matrices. 
They arc made by hydrogen abstraction with /-butoxy and other radicals generated 
photochemically, for example, 

RjSIH + Mf*CO* R>Sr + MpjCOH 
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472 chapter ll/OXY&M 

11-11 Alkoxides and Aryloxides 

In solution in alcohols, particularly methanol metal ions may be soivnted just as 
in water, but the solvent molecules are usually readily displaced by stronger donor 
ligands such as water itself. 

Just as coordinated water can lose a proton (to give hydro*o completes)* so 
can alcohols: * 


m — o; 


[MORV + ir 


Alkoxide ligands,** RO*, and related oxygen donor ligands such as aiyloxides 
and trialkyl- or triarylsilosidcs are bard cr-donors and may also act as ^donors as 
a result of their fllled oxygen pr-orbitals. They may therefore stabilise metal atoms 
m relatively high (unusually high) oxidation states, eg., Mo(OMe) fl , and by the 
selection of appropriate steric properties, they may stabilise metal ions in unusual 
coordination environments as in Cr(OBu% As ancillary ligands, the RO ofa. 
donation may be adjusted by selection of R. The degree of c-donation Is responsive 
to substrate uptake and release in an analogous manner to say, the slippage of 
indenyi ligands Cn*— 1*— n 1 ) or the bending of the M-N—O angle of a nitrosyl 
hgancL 

Although M-OR groups are usually bent, la f2^(OMc)(>IeOH)]-, the 
ZrOC angle is 171.4°, compatible with a triple bond &=p— Me. ' 

Alkerides are known for practically every element of the s % p, d* and J™ blocks 
of the Periodic Table and form many hcterometallic complexes* 0 They are usually 
made by reaction of metal halides and alcohols (or phenols) in the presence of a 
HX acceptor, for example, 

or by use of alkali metal or Tt r alkoxides. They are normally readily hydrolyzed 
but thermally stable, distillable liquids or volatile solids. These properties have 
been used for the preparation of sol-gels for the production of ceramic materials" 
and high purity oxides of the refractoiy metals by pyrolysis of metal alkoxides. They 
undergo a wide variety of other reactions such as insertions with small molecules, for 
example, 


UMOR+CQa- 


O 


j°M* I-L Chfcholtn, Chan. $oc Rev. 1995, 79. 

"W. A. Herrmann s al. Anstw. Chem. Int Ed EngL W5 9 34. 2187- 

3 J?'^ Dcf Sluvfi nnd A. P. Sanclbcrger, Chan. Rev. 1990, 90, 1027: 

v. Caution and U G. Hubert-Plabgral, Ctutm. Rev, 1990, 90. 969. 
"R. C Mchrotra and A Singh, diem. Sot Rev, 3996, 1. 
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and bydrogenolysis, for example, 


Nitrites, such as CH 3 CN, can produce metathesis reactions with dinudear alkox- 
ides such W 3 (OBu% to yield (BtfOj 3 W"N and (Bu'O^WeaCMe. In contrast 
W 3 [OCMca(CFj)]6 reacts reversibiy to give an udduct, W^fOCMejCCFaJjflCNCNIe^^ 

Most alkcorides with simple groups are polymeric to the extent that maximum 
coordination of the metal is achieved Some common types are shown in (Xl-XH) 
to (1WCTS0 and the structure of another is Illustrated in Fig, 11-3. 


M- 


6— 


M 

CU-XU) 


M - M 

<! !> 


cn-xan 


CtNXTV) * 

The use of very bulky alkoxide or aiyloxide groups such as BujCO", BuiSiO", 
Ztf-di-r-butylphenoxide and adamantoxides can, however, give simple mononuclear 
species with low coordination numbers. 

ADcoxo groups not engaged in bridging may, of course act as donors to other 
metal species. Thus U(OPr% gives adducts with Li, Mg, and Al aJkyls such as 


«M. H. Chisholm,/ Chtnu Soc*. Dalian Tmnx, 1781. 
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474 chapter ;;/oxygen 

(ll-XV). while in the lithium salt qf the W(OPh)r ion. two pbenoxides arc bound 
to Li* (11-XVI). 



Although atylojtides can form unidentate or bridge groups as in W(OPb) rt and 
(PbO)a 2 TiC^OPh) a Tia a (OPbX respectively, for Ru, Rh and Ir, the phenoxide Ion 
cm be bound as a ^l-S^ocydohexadienyl (H-XVn) where the O-O group 
becomes more Jceto-like and the bonding is delocalized. 



Chlral alkoridcs 8 * can be made using sugars, as in MoChU and MoO^fpben), 
where L is 11-XVJIL 



S^c^ w Sr- rnm * ,i,95> 33295 w * 0 ^ < A 
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molecular halides, such as those of B, C Si, and P. Interhalogen compounds are 
discussed in the following sections. 

Molecular Fluorides 

Mauymolccularfluorides e*ist f but it is clear that because of the high electronegativ- 
ity of fluorine, the bonds in such compounds tend to be very polar. Because of tbe 
low Association energy of Fj and the relatively high energy or many bonds to F 
(eg,, C-F, 486; N— F, 272; P-F, 490 kJ mol" 1 ), molecular fluorides are often 
formed very cxothennicully; this is just the opposite of the situation with nitrogen, 
where tbe great strength of the bond in N a makes nitrogen compounds mostly 
endothermic. Interestingly, io what might be considered a direct confrontation 
between these two effects, the tendency of fluorine to form exothermic compounds 
wins. Thus for NF 3 we have 

4.3FCs3= W s (g) -3£n* «-3(273) = -816 Id moH 

Therefore, 


WsCg) +^F 3 Cg) ■ NFj(S) -109 kJ mofl 

^ The high electronegativity of fluorine often has a profound effect on the proper- 
ties of molecules in which several F atoms occur. Representative arc facts such as 
00 CF^COjH is a strong add, (b) (CPjJjN and NF 3 have no basicity, and (c) CP, 
derivatives in general are attacked much less readily by elcctrophilic reagents in 
anionic substitutions than are CH 3 compounds. The CP* group may be considered 
as a kind of large pseudohnlogen with an electronegativity about comparable to 
that of CL 


Reactivity 

The detailed properties of a given molecular halide depend on the particular ele- 
ments involved, and these are discussed where appropriate in other chapters. How- 
ever, a fiiiriy gen eral property of molecular halides is their easy hydrolysis to produce 
tbe hydrohalic add and an add of the other element. Typical examples arc 

t»BQ + 3Hrf>— » HPO(OH) a + 3FT + 3Br* 
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1300 Molecular Hdirfu SS9 

When the centralatom of a molecular halide hns its maximum, stable coordination 
number, as in CCl or SF„, the substance is usually quite unreaetive toward water 
or even OH". This does not mean, however, that reaction Is thcrmodynamicallv 
unfavorable, but only that it is WneticaBy inhibited, since there is no room for 
nudeophflic attack. Thus for CF« the equilibrium constant for the reaction 


!! 


CF«C8) + 2H a 0(1) u COjftO + 4HFCtf 

? Z^'J* 1 ? nc f essit y for a m<!ans of attack is well illustrated by the failure of Sft 
to be hydrolyzed, whereas SeFi and TcF, are hydrolyzed at 25°C through expansion 
of the coordination sphere, which is not possible for sulfur. 

Organic Hafides as Ligands 

V*£tt~ «tensivc chemistry of organic halides as ligands* 1 that includes now 
RjSiX." The compounds can be obtained by reactions such as 


L.MO + AgPF, + 


■cu. 


[CjKKORcCiaijCirBF/ 


Although the compounds are mainly of the angular type M-XR, there are numerous 
"^P'f of compounds with bridging or chelate groups arising from halides such 

r t?TfeS^ ),a ' T ^^' *** 80 0JL An example is pr'^CPPh^C^U. 
UWJJJ'SbFfl. Stiver complexes have been particularly well studied. 50 A different 
type of complex has an M-X-CH,-M unit with an M-C bond,- 33 aryl fluorides 
have abo been shown to coordinate to RuCWFPb,), « Compounds with organic 
halide hgands can be useful starting materials as the halides can often be easily 
replaced by other hgands. y 


I 


2^ 1^$™*? ^ d 5 H, Crobtrcc. Coord. Oiaru Reu. 1990, 99, 89. 
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